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Fingerprinting of Salmonella enterica subsp. enterica
serovar Enteritidis by ribotyping
Meike Lippelt, Theresa Sanabria de Isele and Manfred Kist
Institut fur Medizinische Mikrobiologie und Hygiene, Klinikum der Universitat Freiburg, Freiburg,
Germany
Objective: To carry out an epidemiologic evaluation of Salmonella enterica subsp. enterica serovar Enteritidis
outbreaks in households and small communities by means of rRNA gene restriction pattern analysis (ribotyping).
Methods: One hundred Enteritidis isolates dating from 1989 to 1994 which could be allocated epidemiologically to
different sources or to small community outbreaks were investigated with ribotyping, a fingerprinting method in which
bacterial DNA is hybridized with the biotin-labeled plasmid pKK 3535 containing a ribosomal RNA operon of Escherichia
coli to determine the ribosomal RNA gene restriction patterns.
Results: Four different ribotyping patterns were found with the restriction endonuclease Smal and nine with Sphl.
Ribotypes of isolates which could be allocated epidemiologically to a common source usually corresponded. Almost
60% of the Enteritidis infections had the ribotyping pattern Sphl-A. In contrast, this pattern was not found in any of the
five Enteritidis strains isolated in 1989. The suspicion that Enteritidis phage type 4 infections are caused by consumption
of insufficiently heated eggs is supported by the fact that the ribotyping pattern Sph1-A was found in isolates from eggs
and from human specimens.
Conclusions: As patterns Sphl-A and Smal-J appeared in 58% and 75% of the isolates, respectively, ribotyping cannot
be used for the differentiation between various outbreaks with these two patterns. In cases where the Enteritidis strains
showed less frequent patterns, ribotyping seems to be a practical tool for the identification of infection chains. In addition
newly appearing ribotyping patterns can give information about the epidemiologic development of Enteritidis infection.
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INTRODUCTION
Salmonella infections still constitute a worldwide
problem [1]. In the early 1960s, in Germany and in
other European countries, a steady increase in human
Salmonella infections began to emerge, with a par-
ticularly dramatic course since the middle of the 1980s
[2]. Until the end of the 1970s, the serovar Typhi-
murium was predominant; this was then replaced by
Enteritidis [3]. Raw or incompletely cooked eggs play
a significant role in human Enteritidis infections [4].
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In Europe, approximately 80% of Enteritidis
isolates belong to phage type 4 [3], while in the USA
phage types 8 and 13a predominate (5], suggesting
independent development. The predominance of
specific phage types in different countries requires
further epidemiologic subgrouping to enable better
definition of infection chains and to prove the identity
ofpathogens in human specimens and in contaminated
food. Today, this is usually achieved by molecular
typing methods such as ribotyping and PFGE. To give
satisfactory epidemiologic evidence, a typing method
should fulfill the following conditions: discrimination
between different Enteritidis strains by individual
ribotyping patterns; differentiation between various
Enteritidis outbreaks; identification of the source of an
infection by comparison of the ribotyping patterns of
the bacteria isolated from contaminated food and
human specimens; and definition of the epidemiologic
development of Enteritidis in£~ctions with the course
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Figure 1 Different rDNA patterns digested with SmaI.
Molecular weight marker digested with HindIII; fragment
sizes (in kb) from top to bottom are: 23.1, 9.4, 6.6 and 4.3.
Lanes 1-4, SmaI restriction patterns from left to right:
SmaI-J, SmaI-Ja (SmaI-K), SmaI-L, SmaI-M.
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phage types 25, 8, 6 and 6a, and a mixed culture
containing phage types 4 and 8, were detected. Un-
usually, it was demonstrated that 78 of the 100 isolates
did not produce gas from dextrose, although this is a
typical feature of Salmonella enterica. Of the remaining
22 isolates, 21 could be allocated to a single small
community outbreak in a nursing home.
The analysis of the isolates by means of ribotyping
using the endonucleases SmaI and SphI resulted in 13
different patterns, by the criterion of Usera et al. [11],
that a single deviation in number or pattern of the
hybridized bands is considered as a different pattern.
Ribotyping
To obtain ribosomal RNA gene restriction patterns,
the chromosomal Enteritidis DNA was isolated using a
mini-prep method [6]. After incubation with RNase to
remove residual RNA, DNA was cleaved with two
restriction endonucleases, SmaI and SphI, according to
the supplier's protocol [7]. Fragments were separated by
flat-bed-gel electrophoresis in a 0.8% (for SmaI) or in
a 0.6% (for SphI) agarose gel [8], and transferred to a
nylon membrane (Biodyne A, Pall Biosupport, East
Hills, NY, USA) by 24-h Southern blotting [9] with 10
x SSC (1.5 M NaCl, 0.15 M sodium citrate, pH 7.0)
as transfer solution. The membrane was prehybridized
in x 5 standard saline citrate (SSe), x 5 Denhardt
solution, 50 mM NaP04, 0.5% sodium dodecylsulfate
(SDS), 50% formamide and 5% dextran sulfate for 60
min, and then hybridized with the biotinylated plasmid
pKK 3535 [8]. Plasmid pKK 3535, which contains a
ribosomal RNA operon of Escherichia coli, was isolated
by an alkaline lysis procedure as described [10] and
separated by electrophoresis through a 0.8% agarose
gel. The hybridized Enteritidis samples were visualized
by a chromogenic reaction with streptavidin using
the BluGene™ kit (Bethesda Research Laboratories,
Gaithersburg, MD, USA) to determine the positions of
the genes coding for ribosomal RNA.
Bacterial strains
Seventy-seven isolates dating from 1989 to 1994 which
could be allocated to different small community out-
breaks or to sporadic infections were selected from the
Enteritidis strain collection of the Institute of Medical
Microbiology and Hygiene of the University Hospital
Freiburg. In addition, 23 isolates from the National
Salmonella Reference Center of Wernigerode belong-
ing to the hitherto unusual phage type 25 were investi-
gated; these were derived from a small community
outbreak in a nursing home.
MATERIALS AND METHODS
of time. The investigations in the present study focus
on the epidemiologic evaluation of Enteritidis house-
hold outbreaks, small community outbreaks and sporadic
infections by means of ribotyping. One hundred dif-
ferent isolates were analyzed by phage typing and by
ribotyping to assess the applicability of this typing
method.
RESULTS
The 100 Enteritidis isolates investigated in the present
study could be allocated to five different phage types,
with phage type 4 being predominant. In addition,
Figure 2 Different rDNA patterns digested with SphI.
Molecular weight marker digested with HindIII; fragment
sizes (in kb) from top to bottom are: 23.1, 9.4, 6.6, 4.3.
Lanes 1-9, SphI restriction patterns, from left to right are:
SphI-A, SphI-B, SphI-C, SphI-D, SphI-E, SphI-F, SphI-G,
SphI-H, SphI-I.
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The patterns were detected in human isolates as well as
in those from eggs, cream gateau and chicken liver,
enabling a comparison between isolates of human
origin and those from contaminated food. Both restric-
tion enzymes complement each other, as a specific
SmaI pattern does not imply a specific SphI pattern.
It was possible to differentiate four different SmaI
patterns, i.e. Smal-J, SmaI-K, SmaI-L and SmaI-M.
The SmaI-J (Figure 1) pattern was detected in 75% of
the isolates belonging to phage types 4, 6, 6a and H.
Isolates with the SmaI-M pattern were of phage type
25 and produced gas from dextrose. With restriction
endonuclease SphI, the Enteritidis isolates could be
differentiated to a greater extent. Among the 100
analyzed isolates, nine different patterns were detected
(SphI-A to SphI-I) (Figure 2). The pattern SphI-A,
which was detected in 58% of the isolates, was found
in Enteritidis phage type 4 isolates and in phage type
Table 1 Results of the phage typing, fermantation of dextrose and ribotyping with the restriction endonucleases SmaI and
SphI in human specimens and in contaminated food: isolates from small community outbreaks
Fermentarion of
Strain Origin Phage type dextrose Smal-pattern Sph I-pattern
33 Hospital outbreak 4 Gas - J A
34 Hospital outbreak 4 Gas - J A
35 Hospital outbreak 4 Gas - J A
36 Hospital outbteak 4 Gas - J A
37 Hospital outbreak 4 Gas - J A
38 Hospital outbreak 4 Gas - J A
39 Hospital outbreak 4 G.a.~ - J A
40 Hospital outbreak 4 Gas - J A
41 Nearby hospital outbreak 4 Gas - J A
42 Nearby hospital outbreak 4 Gas - J A
53 Canteen kitchen outbreak 4 Gas - J A
54 Canteen kitchen outbreak 4 Gas - J A
55 Canteen kitchen outbreak 4 Gas - J A
56 Canteen kitchen outbreak 4 Gas - J A
57 Canteen kitchen outbreak 4 Gas - J A
58 Canteen kitchen outbreak 4 Gas - J A
77 Nursing home outbreak 25 Gas + M G
78 Nursing home outbreak 25 Gas + M G
79 Nursing home outbreak 25 Gas + M G
80 Nursing home outbreak 25 Gas + M G
81 Nursing home outbreak 25 Gas + M G
82 Nursing home outbreak 25 Gas + M G
83 Nursing horne outbreak 25 Gas + M G
84 Nursing home outbreak 25 Gas + M G
85 Nursing horne outbreak 25 Gas + M G
8f> Nursing home outbreak 25 Gas + M G
87 lursing home outbreak 25 Gas + M G
88 ursing horne outbreak 25 Gas + M G
89 Nursing home outbreak 25 Gas + M G
')() Nursing home outbreak 25 Gas + M G
9\ Nursing home outbreak 25 Gas + M H
92 Nursing home outbreak 25 Gas + M H
93 Nursing home outbreak 25 Gas + M G
94 Nursing home outbreak 25 Gas + M G
95 Nursing home outbreak 25 Gas + M H
96 Nursing home outbreak 25 Gas + M G
97 Nursing home outbreak 25 Gas + M G
98 Nursing home outbreak 4 Gas + L I
99 Nursing home outbreak 4 Gas + L I
100 Nursing home outbreak 4 Gas + J A
Gas +, strains with the capability to ferment dextrose with gas formation.
Gas -, strains which have lost the capability to ferment dextrose with gas formation.
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Table 2 Results of the phage typing, fermentation of dextrose and ribotyping with the restriction endonucleases SmaI and
SphI in human specimens and in contaminated food: isolates of patients where Enteritidis has been cultured from different
specimen sources
Strain Origin Phage type Fermentation of dextrose SmaI-pattern SphI-pattern
1 Patient 1 4 Gas - J A
2 Patient 1 4 Gas - J A
3 Patient 2 4 Gas - J B
4 Patient 2 4 Gas - J B
5 Patient 3 4 Gas - J c
6 Patient 3 4 Gas - J c
7 Patient 4 4 Gas - J A
8 Patient 4 8 Gas - J A
9 Patient 5 4 Gas - J A
10 Patient 5 4 Gas - J A
11 Patient 5 4 Gas - J A
12 Patient 5 4 Gas - J A
13 Patient 5 4 Gas - J A
14 Patient 5 4 Gas - J A
Gas +, strains with the capability to ferment dextrose with gas formation.
Gas -, strains which have lost the capability to ferment dextrose with gas formation.
Table 3 Results of the phage typing, fermentation of dextrose and ribotyping with the restriction endonucleases SmaI and
SphI in human specimens and in contaminated food: isolates from outbreaks in households
Strain Origin Phage type Fermentation of dextrose SmaI-pattern Sphl-pattern
15 Family 1, Patient 6 4 Gas - J A
16 Family 1, Patient 7 4 Gas - J A
17 Family 1, Patient 8 4 Cas - J A
18 Family 2, Patient 9 4 Gas - J A
19 Family 2, Patient 10 4 Gas - J A
20 Family 3, Patient 11 4 Gas - J A
21 Family 3, Patient 12 4 Gas - J A
22 Family 4, Patient 13 4 Gas - J D
23 Family 4, Patient 14 4 Gas - J D
24 Family 4, Patient 15 4 Gas - Ja D
25 Family 5, Patient 16 4 Gas - J A
26 Family 5, Patient 17 4 Gas - J A
27 Family 6, Patient 18 4 Gas - J A
28 Family 6, Patient 19 4 Gas - J A
29 Family 7, Patient 20 6 Gas - J A
30 Family 7, Patient 21 6 Gas - J A
31 Family 8, Patient 22 4 Gas - J E
32 Family 8, Patient 23 4 Gas - J E
68 Patient 51 (husband of patient 52) 4 Gas - J A
69 Patient 52 4 Gas - J B
70 Patient 52 6 Gas - J G
Gas +, strains with the capability to ferment dextrose with gas formation.
Gas -, strains which have lost the capability to ferment dextrose with gas formation.
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Table 4 Results of the phage typing, fermentation of dextrose and ribotyping with the restriction endonucleases SmaI and
SphI in human specimens and in contaminated food: comparison of isolates dated from 1989 with recent isolates
Strain Origin Phage type Fermentation of dextrose SmaI-pattern SphI-pattern
44 Infected in 1989 4 Gas - J B
45 Infected in 1989 4 Gas - J B
47 Infected in 1989 4 Gas - J F
48 Infected in 1989 4 Gas - J B
65 Infected by the cream
gateau 1989 (strain 64) 4 Gas - J B
43 Infected in 1994 4 Gas - J A
46 Infected in 1994 4 Gas - J A
49 Infected in 1993 4 Gas - J A
50 Infected in 1993 4 Gas - J C
51 Infected in 1993 4 Gas - J A
52 Infected in 1993 4 Gas - J A
Gas +, strains with the capability to ferment dextrose with gas formation.
Gas -, strains which have lost the capability to ferment dextrose with gas formation.
Table 5 Results of the phage typing, fermentation of dextrose and ribotyping with the restriction endonucleases SmaI and
SphI in human specimens and in contaminated food: isolates from contaminated food
Strain Origin Phage type Fermentation of dextrose SmaI-pattern SphI-pattern
59 Egg 1 ~- Gas - J A
60 Egg 2 4 Gas - J A
61 Egg 3 4+8 Gas - J A
62 Egg 4 4 Gas - J A
63 Chicken liver 4 Gas - J A
64 Contaminated cream gateau 4 Gas - J B
Gas +, strains with the capability to ferment dextrose with gas formation.
Gas -, strains which have lost the capability to ferment dextrose with gas formation.
6, 6a and 8 isolates as well. The ribotyping pattern
SphI-G was the second most frequent; it was detected
in 20 of the 100 isolates. Eighteen of these could be
allocated to the small community outbreak in the nursing
home (isolates 77-90, 93-94 and 96-97) (Table 1).
The isolates which could be allocated epidemio-
logically to a common source mainly exhibited identical
ribotyping patterns. This was true for isolates from
patients, for isolates obtained in the same time period
but from different sources (isolates 1-14) (Table 2) and
for isolates which could be allocated to outbreaks
in households (isolates 15-32) (Table 3) and public
institutions (isolates 33-42, 53-58, 77-·97) (Table 1).
A comparison of the Enteritidis material dating
from 1989 (isolates 44,45,47,48,64 and 65) with more
recent isolates showed that in both cases the proportion
of phage type 4 isolates and ribotyping pattern SmaI-J
predominated. It is remarkable that the ribotyping
pattern SphI-A was not detected in isolates cultured
in 1989, in contrast to those cultured in 1993-94
(Table 4).
DISCUSSION
The typing of Salmonella enterica subsp. enterica sero-
var Enteritidis is based on serologic and biochemical
methods. Ribotyping was introduced as a molecular
typing method to obtain additional information on the
epidemiologic relationship between different isolates
[8]. In the present study both the four detected SmaI
ribotyping patterns and the nine SphI patterns differed
only in individual bands. The appearance of an
additional triple band in the variant SmaI -Ja pattern
(isolate 24) is possibly a result of incomplete enzymatic
digestion of the isolated DNA. Obviously, this partial
digestion due to an insufficient enzyme incubation time
leads to larger fragments, as the enzyme does not cleave
each cleavage position of the bacterial DNA. This is
concluded because repeated typing of the same DNA
isolate of this strain resulted again in the pattern
SmaI-J.
The pattern SphI-A was present in 58% of the
isolates and all these isolates, exhibited the pattern
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SmaI-J as well. This fact emphasizes that the pandemic
observed recently [12] is the result of efficient spread of
a single very stable clone [13]. The genes which are
responsible for the successful spread of the respective
strains could be situated in or between DNA sequences
coding for ribosomal RNA. This fact is reflected by
the constant ribotyping patterns. The present study
suggests that most outbreaks with the SphI-A pattern
isolates are associated with the consumption of raw or
insufficiently cooked eggs [14], since four Enteritidis
strains from eggs and one from chicken liver showed
the SphI-A ribotyping pattern (Table 5). Isolates with
a different SphI pattern may be associated with sources
different from contaminated eggs, an assumption which
is the subject of further investigations.
In addition to the pattern SphI-A, eight more SphI
patterns could be demonstrated in the remaining 42%
of the isolates. Some of these less frequent patterns were
found several times, although allocation to a common
source was not possible for these isolates. This fact may
be explained by the existence of DNA sequences with
an unusually high mutation rate. However, numerous
Enteritidis isolates exhibited the most frequent patterns
SmaI-J and SphI-A, so that in these cases no definite
typing is possible on the basis of ribotyping alone.
For isolates with less frequent ribotyping patterns,
definition of their epidemiology is easier and more
secure. For example, it could be confirmed in one
instance that a patient fell ill because of consumption
of an infected cream gateau, as the same unusual
ribotyping pattern was detected for the patient
specimen and for the food sample. Both isolates had
phage type 4, the pattern SmaI-J and above all, the rare
pattern SphI-B.
Isolates from patients where Enteritidis had been
cultured from different specimen sources resulted in
identical ribotyping patterns. Only one single case
differed in its pattern. In the isolates from this female
patient (isolates 69-70), not only were two different
Enteritidis phage types detected, but also two different
SphI patterns. It is especially remarkable that her
husband (isolate 68), who fell ill with an Enteritidis
infection at the same time, exhibited a third SphI
pattern. A potential explanation for the second and the
third pattern could be a multiple infection caused by
contamination offood with multiple Enteritidis strains.
In the laboratory situation only single colonies of an
isolate are subcultured, and DNA is isolated only from
single colonies, so that only one single strain would be
characterized by ribotyping. Another potential explana-
tion, which is less probable, is the simultaneous in-
fection within a family caused by different Enteritidis
strains transmitted by different contaminated food
sources. A third interpretation is the mutation of a
source strain on the culture plate. A mutation within a
single colony will be detected by a different ribotyping
pattern.
When this type ofunexpected pattern is apparently
at variance with the laws of epidemiology, the findings
can be explained only with the support of additional
epidemiologic information. Twenty-one of the isolates
from the nursing home outbreak could be allocated to
phage type 25, and three to phage type 4. Eighteen of
the 21 phage 25 isolates exhibit the relatively rare
ribotyping patterns SmaI-M and SphI-G. The remain-
ing three strains differed from all other isolates from this
outbreak, exhibiting the pattern SphI-H. One possible
explanation could be that during this outbreak the
already existing clone divided into two subclones, or a
clone split off from the main clone. The three isolates
of this outbreak which cannot be allocated to phage
type 25 are of phage type 4, which has recently been
the most abundant type, and, in addition, their ribo-
typing pattern differed from that from other isolates
of this outbreak. In two of these isolates, the patterns
SmaI-L and SphI-I were detected, while the third
exhibited the ribotyping patterns SmaI-J and SphI-A.
It is likely that these isolates were mistakenly allocated
to the nursing home outbreak and that they were
isolated at the same time incidentally.
Interestingly, ribotyping pattern SphI-A seems to
be a marker for Enteritidis strains with a high potential
for selection, since in 1989 none of the strains in-
vestigated showed this pattern. As mentioned before,
more recently this pattern has occurred in nearly 60%
of the Enteritidis strains. Several explanations are
possible. First, this dominance could be explained by
increased virulence in the clone. As the clinical picture
appears more severe with these infections, it is possible
that culture is more frequently requested for isolates of
this clone than for others. A second potential explana-
tion could be the low pathogenicity of this clone for
animals. Infected hens rarely show symptoms, but this
clone would be spread because egg production would
be unchanged. A third explanation might be the low
number of breeding farms for laying hens. After
infection of hens, the Enteritidis clones are spread
rapidly throughout the breeding farms, but they cause
disease only after human infection. Therefore, the
immediate source is not identical, but infection is
derived from a uniform reservoir.
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